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© Communication link between moving bodies. 



©.Apparatus for optical fiber, data link between tow 
' moving bodies . remote controlled- 1 ^vehicle/missile 
such as ("RCV W ) :;and hereinafter launch platform 
includes fiber-wound bobbins having opposite wind- 
ing directions on each body, interconnected with 
unwound, reinforced fiber sections^ for . streaming 
deployment from each bobbin' through tensioning 
devices during relative separation movement be- 
tween the. two bodies; Image :sensors and flight" 
control mechanisms ' are operative! y connected 



through an electric/optical I/O device to the fiber on 
the. bobbin in the RCV, v ahd :<jata- analysis/display, 
devices and control ler/cpmm arid units are similarly 
interfaced with the fiber on the bobbin associated 
with the helicopter. The, bobbin housing on the heli- 
copter uses a shaped cay ity and- girnbal mount to 
provide free-streaming fiber; deployment and 
pyrotechin- or electro-mechanical . separation device 
to discharge the" bobbin and -attached fiber after 
mission completion. 
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BACKGROUND OF THE INVENTION 
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Field of the Invention s 

The present invention relates to apparatus for 
communicating between moving bodies and to ap- 
paratus using hardwire and/or optical fiber for com- 
municating with a moving body. The present inven- io 
tion also relates to guided missiles and other ve- 
hicles launched and controlled from a helicopter. 



Description of the Prior Art 75 

At the present time, the only means of commu- 
nication between two moving bodies uses radio 
frequency fRF") signals, and to a lesser extent, 
sound and optical signals. This requires that a 20 
transmitter and receiver be on board each of the 
; moving bodies. Where one-way Vansmission is de- 
, sired, the prime body uses /a transmitter and the 
secondary body uses a receiver. The method of 
using RF transmitters is, expensive, due to the cost 
of the .transmitters and feceiyers^ Trte. raqge 
'usually ' limited T to "fine," of sight ranges antf/the * 
jcommunic^^^ ahd/dr jammed ^ 

^;py 'unfriendly or unauthorized parties. ■ . 4 i . ' 

"\, }t . Communication usin^g apparatus employing an , 
optical fiber or electricajly conducting ;wire 1 betwebn 
a fixed site and ;-a moving missile is proven and 
demonstrated. In these, apparatus, data is transmit- 
ted'tb the moving objebt from the fixed station and 
frbm the moving object to the fixed station^ For the 
duration of flight however, the fixed station is liter- 
ally fixed to. a ^specif ic point. This, prevents the 
station from moving to hide or obscure its! position 
or to move in the event it is attacked. 'I ; 

One military application wherein the ability to. io 
change the location of the missile launch is particu- 
larly important is the helicopter which travels at. 
relatively low speeds arid altitudes compared to- 
fixed wing aircraft. Three types of missiles are 
t currently used as helicopter mounted weapons/but [[':■ 4s[: 
hbne provides "the unique operational characters- \ ^ ' 
tics of "the helicopter launched fiber optic guided/ • 
remotely controlled vehicle ("RCV) disclosed 
hereinafter. The first type is free flight, a rocket 
propelled missile that is aimed and fired at a target. so 
The free .flight rocket flies unguided toward the 
target to impact within some predetermined foot- 
print. The second type uses a fire-and-forget mis- 
sile such as Hellfire. This missile is launched and 
homes onto a designated target. Future versions 55 
will likely be true fire-and-forget where a target is 
acquired, identified and attacked by the missile 
during flight. These systems are not currently able 
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to attack targets of opportunity and require a coop- 
. . erative target designator. 

The third current weapon system is a wire 
guided missile and U.S. 4,611.771 to Gibbons et al. 
and U.S. 4,185,796 to Riley are representative of 
this technology. Although not depicted in use with 
a helicopter launch platform, these current hardwire 
or optical fiber missile guidance systems necessi- 
tate that the helicopter launch platform be relatively 
motionless with the target in sight by the gunner 
during the period between launch and impact since 
the missile flies to the aim point. These systems 
also require that both the missile and target be 
kept in sight until target impact during which time 
the helicopter is exposed to enemy Cre. 

French Patent No. 2.391 ,908 to Wieczorek pro- 
poses apparatus using optical fiber for commu- 
nicating between moving jet aircraft. The apparatus 
includes a fiber optic cable stored on a winding 
drum incorporated in the tail section of the forward- 
positioned, unpiloted "missile" plane and connect- 
ed to the nose section of a trailing, piloted aircraft. 
The cable can be. played out from or retracted, by 
the missile plane for changes in relative separation 
distance, and explosive severing devices can /be 3,. 
v included with the rntssile plane . , ta assurei^apid 
separation in thb. event of danger,.^ 
system 'does . not . contemplate : or address toejprob— \ :: 
. fern of rapid changes in both the. speed ^and^ejc?^ 
tion of the two moving aircraft ana\ requires 1 the v , : 
. t piloted I aircraft essentially to maintain the speedy 
and direction of the unpiloted pjane/ ; ' ;' Tfi 
v Hence, there. still exists the need. for, apparatus;, 
to provide a hardwire and/or optical fiber data link 
between two moving bodies wherein the relative 
separation rates and distances between, the bodies > 
can be high and , multidirectional. For example, arv 
optical fiber guided RCV or missile t having such^ f 
apparatus would allow targets of opportunity to be. ..J 
.attacked while the helicopter retreats to a place of ; r 
relative safety. It would also provide the user with 
the capability of using the RCV or missile as -a - 
source of reconnaissance data and information. .-*/,.. i 



SUMMARY OF THE INVENTION 



In accordance with the invention, as broadly 
described herein, the apparatus for providing a 
data-fink between two moving bodies comprises a 
continuous strand of a data-carrying fiber, and a 
pair of fiber bobbins, one carried by each of the 
two moving bodies. Respective parts of the con- 
tinuous fiber strand are wound on each of the pair 
of bobbins, and an unwound part interconnects the 
pair of bobbins. Means are provided for deploying 
the wound fiber strand parts in streaming relation 
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from each of said pair of bobbins during relative 
separation motion between the two bodies. There 
are also provided means operativeiy connected to * 
the fiber strand portion remaining on the fiber bob- 
bin carried by a first one of the moving bodies s 
during deployment, for transmitting data along the 
deployed fiber strand, and means operativeiy con- 
nected to the fiber strand portion remaining on the 
fiber bobbin carried by the second, other moving 
body during deployment for receiving data trans- 10 
mitted along the deployed fiber strand. 

Preferably, the fiber strand is optical fiber and 
the wound fiber strand part on one of the bobbins 
is wound counter to the winding direction of the 
wound strand part on the other of the bobbins, 75 
whereby streaming deployment can occur with 
minimum strand twisting, and the fiber strand de- 
ploying means includes a pair of fiber tensioners, 
one associated with each of the fiber bobbins, 
operativeiy connected to control the tension in the 20 
fiber strand being deployed. 

It is also preferred that second data transmit- 
ting means are operativeiy connected to the fiber 
strand portion remaining on the fiber bobbin asso- 
ciated with the other moving body and second data 25 
-receiving means are operativbly, connected to" the ^ vv 
fiber strand portion remaining^on the fiber bobbin " 7: V 
associated with ;the >one moving body, thereby af- / : : ^ 
fording two-way v comrnuhication between the two . , : 
moving bodies. . .. j;- ■ \- v ;/ , ■ \, V- ^rV^-so 
v * ; It is still further - preferred that first and' second 
data input/output means are respectively carried by ' 
the first and second* moving bodies and are oper- : v 
atively connected to the respective optical* fiber - 
strand portions, remaining on the ; first and second as 
fiber bobbins during deployment. Also, means 'are - / 
;provided for controlling the motion of the firstmov- ■ 
ing body in response to control - data, , the motion . • 
controlling means being earned; by- the first body, 
being operativeiy connected to the first in put/output 40 
means, and being responsive to control data trans- 
mitted from the second body. Still • further, means 
are provided for sensing motion of the first moving ■? 
body to. the fiber . strand portion remaining dn the . 
fiber bobbin carried by a first one- of the moving 45 
bodies during deployment/ for^ transmitting data 
along the deployed fiber strand, and ,means ^oper- 
ative^ connected to the fiber strand portion re- 
maining on the fiber bobbin carried by the second, 
other moving body during deployment, for receiv- 50 
ing data transmitted along the deployed fiber 
strand. 

Preferably, the fiber strand is optical fiber and 
the wound fiber strand part on one of the bobbins 
is wound counter to the winding direction of the 55 
wound strand part on the other of the bobbins, 
whereby streaming deployment can occur with 
minimum strand twisting, and the fiber strand de- 



ploying means includes a pair of fiber tensioners, 
one associated with each of the fiber bobbins, 
operativeiy connected to control the tension in the 
fiber strand being deployed. 

!t is also preferred that second data transmit- 
ting means are operativeiy connected to the fiber 
strand portion remaining on the fiber bobbin asso- 
ciated with the other moving body and second data 
receiving means are operativeiy connected to the 
fiber strand portion remaining on the fiber bobbin 
associated with the one moving body, thereby af- 
fording twoway communication between the two 
moving bodies. 

It is still further preferred that first and second 
data input/output means are respectively carried by 
the first and second moving bodies and are oper- 
ativeiy connected to the respective optical fiber 
strand portions remaining on the first and second 
fiber bobbins during deployment. Also, means are 
provided for controlling the motion of the first mov- 
ing body in response to control data, the motion 
controlling means being carried by the first body, 
being operativeiy connected to the first input/output 
means, and being responsive to control data trans- 
mitted from : the second body. Stiil' further. /rtearis 
are provided for sensing motidri of the first ? m6vihg " 
body and "generating sensed 

tion sensing means b^ihg "carried by the 'fir^' body 
and operativeiy connected to the* first ihpufroutput 
means, ; and 'controller means are provided respon- 
sive to the sensed motion" data for generating ^ con- 
trol data,' the controller means being carried by - the 
second moving body arid operativeiy connected to ' 
the second input/output means. 

And it is still further preferred that the appara- 
tus includes a plurality of, sets of first and second 
moving bodies with associated connected " efe- 
ments. and that the controller means includes" a 
data bus operativeiy connected to each of the 
plurality of second input/output means; " 

Further in accordance with the present inven- 
tion, as embodied arid broadly" described herein, 
the method for providing data communication be- 
tween two moving botfies,' comprises the steps of 
providing a continuous strand of dita-^arrying fiber 
respective parts of which arie wound oh each of two 
separate bobbins, one ? of the bobbins being carried 
by each of the two bodies, and an unwound part of 
the fiber strand interconnecting the bobbins; de- 
ploying wound fiber simultaneously from each of 
the two bobbins during relative separating motion 
between the two bodies, the fiber strand continuing 
to interconnect the bobbins during the deploying 
step; and communicating with the unwound por- 
tions of fiber strand remaining on each of the 
bobbins during deployment The communicating 
step includes the step of transmitting data to the 
unwound fiber strand portion on at least one of the 
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bobbins and receiving the transmitted data from 
the unwound fiber strand portion on the other bob- 
bin. Preferably, the deploying step includes the 1 
step of tensioning the fiber leaving each of the two 
bobbins. . 5 

Still further, in accordance with the present 
invention, as embodied and broadly described 
herein, the apparatus for deploying optical fiber 
from a moving horizontal platform such as a heli- 
copter comprises a housing xarried by the platform ;o 
and having a relief formed in a housing surface 
facing outwardly from the platform, a bobbin pre- 
wound with optical fiber, the bobbin having a pre- 
ferred deployment axis: and means for attaching 
the bobbin to the housing in the relief. The bobbin 75 
deployment axis extends outwardly from the relief 
and is movable along with the bobbin by the at- 
taching means within a predetermined conical sec- 
tor. 

. Preferably, the attaching means is a ball joint 20 
1% gimbal, and the relief is contoured to provide fiber 
deployment at oDiique angles with respect to the 
normal to. the bobbin, surface without snagging: or 
being impaired by the housing surface. 
: . f It is. also preferred that the housing has means .25 
ifpr^selectively Jacking a free-fiber^ end and releas- 
:> ing . same at : tha time. ; pf^ deployment, and bobbin ^^:r: • 
- t ; : pj(ector : means .for ejecting aha bobbin from> the^vr: 
. .housing, at the conclusion of fiber .[deployment./ n^w;-*-. ^ 
- > . i : Jh e r , acepm pany ing ^drawing , which is , i ncorpo-; ^. » 30 i ■ 
: : rated in and constitutes : a : part ; of this specification, ^ 
c, illustrates . .sev.eral embodiments of the invention,;. 
■ 1V and, together with the description* serves to explain-, >, * 
v the principles of the invention. ; t: - : ; >.v- 
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BRIEF DESCRIPTION^OF THE: DRAWINGS . 



Rg. \ depicts a - military environment show- ; 4Q 
ing multiple applications of the present invention; 

t , Figs. 2£-2D depict, four specific uses of the 
embodiment of the invention shown in Fig. 1; r 

^ig. ^ is. a schematic, block-diagram repre-v . 
sentations i of; elements r of the embodiment inven-i Ws 
tions shpwnjn Fig. 1; 

Fig. Ajs an expanded schematic of certain 
elements in the representations of Fig. 3; 

Rg. 5 is a depiction of another military envi- 
ronment for applications of the embodiment of the so 
present inventions shown in Rg. 1 ; 

Fig. 6A-6O depict elements of another em- 
bodiment of the present invention- 
Fig. 7 is a schematic cross-section of a 
remote controlled vehicle ("RCV") incorporating 55 
elements of the embodiment shown in Figs. 6A-6C; 

Fig. 8 depicts a military environment in 
which the embodiment of Fig. 6 can be used; 



Fig. 9 is a schematic block-diagram repre- 
sentations of elements of the embodiment of Figs. 
6A-6C; 

Fig. 10 is a schematic cross-section of the 
helicopter bobbin housing element of the embodi- 
ment of Figs. 6A-6C; 

Rg. 11 is a schematic plan view of an RCV 
launcher usable with the embodiment of Figs. 6A- 
6C; 

Rg. 12 is a schematic cross-section of the 
launcher shown in Rg. 11; and 

Figs. 13A and 13B are schematic partial 
cross-sections of the RCV of Fig. 7 before and 
after launch from the launcher of Rg. 1 1 , respec- 
tively. 

Reference will now be made in detail to the 
present preferred embodiments of the invention, 
examples of which are shown in the accompanying 
drawings. 



DESCRIPTION OF THE PREFERRED* EMBODI- 
- ?. MENTS : - ; '< 



■ c /-'Referring*; initially to vRQures 1- and 2A^2D ( -there- 
; iare depicted ^examples of applications ^efein-the 

apparatus of the present invention for providing 
■:• ■ data link between two moving bodies can a<jvanta- r 
> geousiy be employed. Thus, as depicted in Rgure^ 
1, an .optical fiber or wire MO; hereinafter called a- 
fiber; provide a- two-way data connection* between 
the missile 12 and carrier vehicle 14 or a -man-' 
portable unit 16, Each of missile 10, carrier vehicle 1 
14 or man-portable unit 16' has attached to n't a 
separate source of fiber which can be deployed by 
means to be described hereinafter. The two sepa- 
rate fiber sources 18 and 20 permit both missile' 10 
and either carrier vehicle 14 or man-portable unit 
16 to move independently: of each other while 
maintaining the ability to communicate with each 
other:; It should be noted that missile 10 can be 
replaced with any-type of moving airborne, water- 
borne or earth-bor he vehicle or man-portable unit 
* without violating the spirit of this invention. By use 
of couplers, such as couplers 21 (shown in Figures 
2A-2D), multiple missiles can be attached to' a 
common carrier. The individual units are interre- 
lated over a common data base by use of unique 
codes. 

Figures 2A-2D better illustrate four of the var- 
ious applications of the subject invention. As long 
as both of the moving bodies have a respective 
fiber source 18, 20 that permits the fiber 10 to be 
freely dispensed, any two of multiple bodies or 
stations can be used. This rncludes links between 
people (Figure 2A), each moving in self-determined 
directions, people and vehicles where each moving 
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independently (Figure 2B), multiple vehicles mov- 
ing independently (Figure C), and between surface 
ships and/or submarines and torpedoes or missiles ' 
(Figure 2D). The only restriction on communication 
is the length of the fiber contained in the respective s 
sources and the relative strength of the fiber, Since 
the fibers can be spliced, multiple fiber sources 
and means to be described hereinafter can be 
used provided that repeaters are used and/or the 
total permitted transmission distance is not ex- io 
ceeded. At the current time, two-way transmission 
distances of up to about 100 km can be achieved 
without the need to resort to repeater type devices. 

In accordance with the present invention, the 
apparatus for providing a datalink between two ;s 
moving bodies includes a continuous strand of 
data-carrying fiber and a pair of fiber bobbins, one 
carried by each of the two moving bodies. Respec- 
tive parts of the continuous fiber strand are wound 
on each of the bobbins and an unwound part 20 
interconnects the wound parts. As embodied . herein 
with reference to Figure, 3, apparatus of the present 
invention generally designated by the ^numeral 22 
includes fiber 10 and bobbins 24 and 26, assq- 
, dated, e.g. witrj a moving station and 1 a missile 
(both not shown for clarity). - respectively:; Fiber - J O. 
. includes unwound part 32 . interconnecting \ wound " : 
; fiber parts, 28, ; 30. By "continuous ^trand-^; it is" 
.meant a a ; fiber . wherein data; can Jlow^without in-v 
terruption, .and continuous fiber strand -iTO/. can >,be 
made-up . of multiple segments, with one or more u - 
connecting couplers, such as couplers 21 shown/in/ 
Figure 3, or a connecting splice or-splices, such . as 
splice 1 34 shown in the embodiment in Figure; 6A. 
For ,th§. embodiment shown in Rgure 3, two eour - 35 
piers: 2:) : are used with a length of reinforced fiber - 
27 interconnecting the couplers to make up un- .. . 
wound part 32. Reinforced fiber <part 27 prevents v_ > 
damage Jo the exposed fiber part 32 during nan- ;, * * 
dling. In most applications, it is preferred that the :% 
two bobbins be .wound separately and one or more 
couplers or splices be used between the;. two for* - 
ease of handling and assembly. The use of v a- 
rejnforced section 27 between the bobbins :;prq?v: 
yides iadditional strength to the fiber in the sectibns;k 
that are subject to handling during installation .and'-*-" & 
to. permit protective covers to be removed at the - % 
time of deployment. 

Also shown in Figures 6B and 6C is the pre- 
ferred winding sense of wound fiber parts on the so 
separate bobbins. In the embodiment shown in 
Figures 6A-6C, fiber parts 128, 130 are wound in 
opposite directions on bobbins 124.126 (in clock- 
wise and counterclockwise, respectively) carried by 
a helicopter-type carrier vehicle and a RCV-type 55 
missile, to be discussed in more detail henceforth. 
This winding pattern minimizes twisting during 
streaming deployment of fiber parts 128,130 along 
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bobbin axes 124a, 124b. respectively. Alternately, 
the fiber can be twisted as it is placed on the 
bobbin opposite to the twist incurred deployment to 
eliminate the twisting problem. 

Further in accordance with the present inven- 
tion, the apparatus includes means for deploying 
the wound fiber strand parts in streaming relation 
from each of the pair of bobbins during relative 
separation motion between the two bodies. As em- 
bodied herein, and with reference again to Figure 
3, the deploying means includes a pair of ten- 
sioners 36,38 associated with the moving bodies 
and operative to provide independent streaming of 
wound fiber parts 26,28 respectively whenever the 
forces in the direction of relative separative motion 
(arrows 40) become greater than the braking force 
provided by the respective tensioner 36 or 38. 
Means also can be provided for protecting the fiber 
in specific applications, such as a reinforced con- 
necting fiber portion ( e.g. portion 127 in Rgure 6A) 
to protect against abrasion and hot launch gases 
during missile launch from a tube. See also Rgure 
7 showing RCV-type vehicle 1:12 with i bobbin 126; 
reinforced fiber section , 1 27. and fiber protector 

-Shield .228. • * .' - J : - --sor ;'JV, >/NK: ^ 

■>:'• Further in" accordance;- with me -present; ihveh^ 
tion, the apparatus includes means op'eratively coh- 
nected to the fiber strand "portion remaning on the 
- fiber :bobbin carried by one of me -moving - bodies 
for : transmitting diata "along ' the : deployed^" fiber 
r *' strand and ; means operatively connected V to : the 
fiber strand portion remaining oh the fiber -bobbin 
carried by the other moving body during deploy- 
ments for receiving the transmitted data. Preferably. 
;each moving body carries ' both data , transmitting 
and data receiving means for establishing two way 
communications between the bodies. .>.-:;•*: . 
;v As embodied herein, arid with referehce^again * 
to Figure 3, free end 30a of the wound fiber part 30 
:;is connected to missile data input/output ("I/O") 
.unit 44 and free end 28a of wound part 28 is 
connected to moving station I/O unit 46M/0 units 
:44. 46 are known, state-of-the-art devices - that" con- 
cert light-carried signals to electrical signals^ and 
;vice versa and are used in the 'preferred WribodK 
tment where fiber 10 is an optical -fiber. 1 ' Missile 
'sensor and flight controller 48 is operatively con- 
nected to I/O unit 44 to receive missile .control 
instruction data and to supply missile flight sensor 
data. Moving station data display and analysis unit 
50 is operatively connected to moving station I/O 
unit 46 to receive missile flight sensor data and to 
supply missile flight control data. 

In operation, the missile flight data output of 
missile sensor and controller unit 48. being elec- 
trical in nature, is converted into a generally digitiz- 
ed format and converted into light signals and 
transmitted to the moving station by missile station 
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I/O unit 44. Moving station I/O unite 46 which is a 
duplicate of missile data I/O unit 44 converts the 
light signals to electrical signals and transmits digi- * 
tal data to data display and analysis system 52 of 
controller system 50 for analysis and use. There- s 
after, in response to the received flight information, 
appropriate missile control data can be generated 
and transmitted by controller system 50 to be 
described in more detail henceforth, back along the 
same optical fiber path for receipt and utilization by 10 
sensor and controller unit 48 after conversion by 
missile I/O unit 44. 

Figure 4 depicts controller system 50 for con- 
trolling data being transmitted in both directions 
over fiber 10 as it is unwound from bobbin 24. I/O rs 
unit 46 converts the incoming signal into a form 
that can be used e.g. by data processor 54 of 
system 50. A standard data bus such as bus 56 
may be used to permit the interfacing with multiple 
fibers through additional I/O units 58 and/or to . 20 
permit other users such as users 80 to have ac- 
cess to the mcoming data. Data processor 54 op- v.* 
erates on the incoming, data and also operates on 
data to be transmitted using a combination of 
preprogrammed software * 60 and. inputs . from , the . 25 - 
" user. l^e^p£eprogf ammed >. software nj^y include; - • * 
missile f jight ^control software,*, image; reconstruction * : 
or enhancement vsoftwa^ 

other software subsets* depending -upon the: ,ap- ^ 
plication. User data input, devices, are precondition- * 30 f 
ed for input to data processor 54 by Hnp.uU device* 
62. User^controlled devices can. include such items, 
as joy stick 64, keyboard 66, and/or .touch screen . 
68. Preprogrammed instructions can be input using; 
disk or, tape drive 70. Output from data processor, . 35 
54 fs passed to display drive :72 which : conditions 
the data for display on r screen 74): , printer; and 
recorder 76, and/or other display devices^ 78 which 
can be audio devices, etc. r :^ W-V ;r, \w; j 

Figure 5 shows a typical operational overview 40 
of one specific embodiment of the subject inven- 
tion. In this , pictograph. aircraft 82 .has released 
missile 84 for penetration into a hostile environ- 
ment looking. for potential threats and targets. Mis- 
sile 84 is unreeling- fiberr-TO behind, it, preferably ah 45 
optical fiber over which js being transmitted data 
from its sensors, its speed, orientation; position, 
etc. User aircraft 82 meanwhile has moved to a 
safe position (shown dotted) while continuing to 
unreel its part of optical fiber 10 (also shown dot- so 
ted) from bobbin 24 which, for fixed wing, high 
speed aircraft will be oriented to deploy fiber to the 
rear of the aircraft, because of the high drag on the 
fiber by the airstream. The user examines the 
incoming data and transmits commands to missile ss 
84 where there follows the commanded course of 
action. It is recognized that the users are not con- 
stricted to be aircraft and/or missiles as are de- 



picted in Figure 5. Also, the choice of an optical 
fiber or wire is dependent upon the bandwidth 
required. Because of the very large bandwidth of 
the preferred optical fiber, the data can be com- 
bined video, other sensor data and audio. 

Figures 8 and 9 show another, more specific 
embodiment of the present invention designated 
generally 100, namely one in which helicopters 
serve as the carrier vehicle and RCV-type missiles 
are launched and guided using a fiber data-link. As 
shown in Figure 8, helicopters 114 are equipped 
with launchers 200. Each launcher is joaded initially 
with one or more RCVS 1 12, and a communication 
link including an optical fiber 110 is provided be- 
tween each helicopter and the respective RCVS. 
This system is unique since separate optical fiber 
bobbins 126, 124 are attached to each RCV and to 
the helicopter, respectively. This permits the heli- 
copter to operate in defilade or normal flight to 
launch an RCV at target 105 and to independently 
move or maneuver after launch to avoid enemy * 
detection or to escape from a threat while' still 
' maintaining; control of the RCV. . .. . • , 

With reference now to Figure 9, the user con- 
trols RCV 112 through man/machine interface 117 
.which*, is understood i to collectively; denoted one :,or_- 
more specific components such as- a touch, screen J 
input, joy stick; keyboard/ etc: not shown for clarity.; 
Interface- 117 provides . the means Jo Jaunch the 
RCV, to control the direction of flight and to moni- . 
tor the flight parameters as* described . in relation to 
the previous embodiment Interface 1 17 also pro- 
vides means to control line of sight sensor 186, to 
control! the operation of the corresponding, seeker, 
and to allow the user to select a specific target for 
close examination or to be attacked.,* 

Television monitor .174 operatively; connected 
to data processor 154. and I/O unit .1 46, \s :ot a high 
resolution quality.\Mbnitor v 174 provides; quality vid- 
eo imaging in addition to providing the capability 
for displaying computer generated characters, pro- 
cessed data, RCV status information, and naviga- 
tional information via data processor 154: Flight 
control computer 11 5 provides, the means to auto- 
matically fly the RCVvr in lieu » of overriding com- 
mands from thev user, through man/machine inter- 
face 117. RCV' control system; 113 data together 
with pointer/tracker data from sensor 186 are trans- 
mitted to flight control computer via optical fiber 
110, analyzed, and used to determine flight param- 
eters. The flight path of RCV 112 is determined 
and housekeeping performed to maintain a stable 
flight path as specified by control computer 115 
and/or operator-user through man/machine inter- 
face 117. Altimeter 101 can be used as part of 
control system 113 (see Figure 7) to provide in- 
formation concerning the height of the RCV above 
ground level. 
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Generally, navigation is a difficult problem 
when RCV 112 is at an extended distance from 
helicopter 114. In the present preferred embodi- 1 
ment. navigation is performed using map matching 
where sensor 186 imaging data is compared with 5 
digital map 121 stored in data processor 154. Al- 
ternate, additional navigational means can include a 
multisensor package 188 consisting of rate sensors 
and accelerometers (see Figure 7) to perform iner- 
tial navigation for applications having short flight 10 
times. Real time navigation corrections and flight 
path changes by the operator are provided through 
man/machine interface 117. Data processor 154 in 
addition to performing the navigation functions, can 
be adapted to provide automatic target recognition 75 
using a stored prebriefed target library, cueing, 
target identification, and other detail image pro- 
cessing as desired to permit the use of visible, IR 
and/or MMW imagery devices for sensor 186. as 
one skilled in the art would understand and appre- 20 
date. ' \ r ; ■ \ . v 

. In operation, helicopter borne electro/optical 
encoder/decoder 146 serves an I/O device to con- 
vert and format information in the form of electrical 
signals^ from man/machine interface,! 17, data prorV : 25 
cessor 15,4 and flight controller 1 1 5 into &h optical V: \ 
signal compatible with, single ' mode optical -fiber ; - V . 
110. The single mode fiber permits a higher data. * ; ' 
-rate and longer distartce .between repeaters than 
does the' more commonly .used dual-mode fiber/; do 
Helicopter borne bobbin i : 1 24 deploys wound por-~, 
tion -128 of optical fiber 11 0, whenever the force on 
the fiber exceeds a predetermined value by means 
of a tensioner , (not shown) and by further means ■ 
which will be described henceforth. ' , , ; 35 

Further, in accordance, with the present inven- 
tion, the apparatus for- deploying optical fiber from 
a moving t platform such as a helicopter includes a 
housing. carried .by the platform and having a relief v'* 
formed; in a housing surface facing outwardly from aq ' 
the platform. A bobbin pre-wound with optical fiber 
and having a preferred fiber deployment axis is 
mounted in the housing relief by attaching means 
sp that; the bobbin axis extends outwardly frorfKthe_, 
relief and. is movable along with the bobbin within a "T-is 
predetermined conical sector. As embodied herein, 
and with reference to Figures 10 and 11, helicopter ' 
borne bobbins 124 are arranged in bobbin housing 
151 such that minimum interference with the fiber 
occurs. Housing 151 is shown mounted to the 50 
underside of RCV missile launcher 200 which, in 
turn, is mounted to helicopter 114 via connections 
between launcher hard point 143- and helicopter 
hard point 153 (Figure 11). Housing 151 which can 
be metal, or preferably a lightweight, high strength, ss 
composite, has an overall aerodynamic shape 157 
to minimize drag and turbulence. 

Housing 151 specifically includes outwardly- 



facing surface 161 having one or more reliefs 163 
formed therein (three being shown in Figure 10). 
one for each bobbin 124. Reliefs 163 have a con- 
toured shape such as the bell-shape shown in 
Figure 10 to allow fiber deployment from the reliefs 
at oblique angles to the vertical without snagging. 
Each bobbin 124 is attached to the housing 151 
through ball joint gimbal 155 that permits a desired 
number of degrees of conical freedom (see cone 
154) to axis 124a at bobbin 124 as helicopter 114 
maneuvers. Rber release device 159 (Figure 10) is 
used to prevent premature deployment of fiber 110 
and can be a circular solenoid which is automati- 
cally opened by a timer element (not shown) lo- 
cated in flight control computer 115. Upon release, 
optical fiber 110 is left free to dispense from bob- 
bin 124, or fiber 110 can be controlled via ten- 
sioner 136 (shown dotted in Figure 10). according 
to the forces generated by the helicopter's move- 
ments from the launch position. Tensioner 136, 
which could be a roller assembly with a progres- 
sive clutch, can be adjusted to prevent excess fiber 
deployment such as might be caused by the down- 
wash from a hovering helicopter. The, contoured 
bell shape of housing relief 163 assures^hat fiber' 
110 can * be dispensed in any direction /without 
snagging. Optical fiber 1 10 is connected to^eiectro- ' 
Optical encoder/decoder 1 46 arid ' the "data r routed 
as depicted in Figure 9; / '~ ^ 

Means; such as 'ejector 165 preferably* are iri- 
eluded with /each* bobbin 124 so that the ^bobbin ' 
can be ejected from the helicopter bobbin housing 
124 after it Is used. Ejector 165 can be a pyro- 
electric device or an electro-mechanical solenoid 
that automatically ejects or releases the bobbin 124 
at a predetermined time after RCV launch, at user 
command, or at fiber depletion. Thii avoids the 
helicopter having to drag around expended fibers 
which could /cause a problem during flight .upon 7 
landing. 

Referring now to Figure 11, optical fiber 110 
' which can be reinforced fiber is routed from ekefr 
RCV 112 until it exits the respective tube 131 of 
liauncher 200. Groove 147 is formed in the launcher;' 
200 from the reinforced fiber exit to the helicopter 
bobbin housing 151 for each fiber 110. The ^re- 
inforced fiber is placed into the groove preferably' 
in a press fit although it may be held in place if 
desired by adhesives or by strips of adhesive 133. 
At launch, the reinforced fiber, designed to survive 
the forces that remove the fiber from groove 147 
remains in the groove until helicopter movement 
imparts forces on the fiber which pulls the fiber 
from the groove. The freed fiber 110 is subse- 
quently dispersed from helicopter borne bobbin 
124. As the helicopter moves after launch, for in- 
stance to evade return fire, the forces on the fiber 
in grooves 1 47 exceed the holding strength and the 
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fiber is released. One or multiple launchers 200 
may be attached to helicopter 114, with each 
launcher made up of one or multiple launch tubes ( 
131. The forward portion of launcher 200 may 
preferably include means such as aerodynamic 5 
fairing 171 having flaps 173 (one being shown in 
dotted lines) to permit the RCV to be launched and 
to minimize aerodynamic drag 173 during flight. A 
contoured aft fairing such as fairing 175 may be 
provided to reduce base drag. 10 

A suitable RCV for use with the fiber data-link 
apparatus of the present invention will now be 
discussed. Referring initially to Figure 7, sensor 
186 can be of any type that provides required 
target and navigation data to the user. The use of rs 
known dual mode IR/MMW seekers with imaging 
capability, visible light or IR imaging seekers will 
meet the requirements. Warhead tunnel 220 is pro- 
vided down the length of the RCV for warhead jet 
formation. Warhead 229 is activated by contact or 20 
proximity fuzes 226 and is enabled by safe-and- 
arm system 214 activated by the operator over the 
optical . fiber 1.1 0< data -link. Power supply 212 pro--*..: > 
vides onboard power. Fins/wings 222 fold and lock 
through hinges 223.. Either fin. actuators 221 or gas .25 
jet controllers (not shown) can bemused for flight - ir\: 
control: Electro-optical encoder/decoder 1 44 \- { is 
mounted within bobbin 1 26 which; is- hollow. Re- 
inforced fiber section 127.. is used: to protect the : . - 
fiber during handling and during -launch:. Means^ _. 30 
such as prescored frangible cover 228 can be used: - 
to protect the bobbin and : the optical fiber from the., 
firing of ejection motor 230 at the time of launch. 
RCV airframe 225 is -standard except that a high- , 
lift, high-performance.: type suitable for . fly-by-wire ;/ : 35 
control can be used. 

With, reference now to. the schematic in Figure: 
12, launch motor igniter wiring 237 is fed through ; ^ 
launch tube 131 to the launch controller which, ; as 
discussed previously, can be flight control .conrvr / s 40 
puter 115. RCV bobbin 126 is positioned inside the 
casing of RCV 115. The - reinforced fiber section 
127 is routed from the bobbin 126 , through fran r ; - 
gible fiber connector 228, and within fiber, relief slot. :-. 
239 in airframe 225' of RCV 112. RCV is pushed 45 
into launch tube 131 and in so doing, snubber 232:- \ 
comprising a spring steel clip is depressed. Snub- > 
ber 232 prevents ejection motor 230 from leaving 
launcher 200 after the motor is fired. Sustainer 
motor 260 (See Figure 7) is not ignited until the so 
RCV leaves the launcher. 

As illustrated in Figures 13A and 13B. igniter 
236 via wiring 237 through nozzle plug 233 to 
man/machine interface 117, is used to initiate the 
launch of RCV 1 1 2. Igniter 236 activates propellant 55 
238 in motor 230, pressure builds up in chamber 
235 and nozzle plug 233 is ejected. The launch 
command also activates the power supply 212 (see 



Figure 9) located in the RCV. Following ignition, 
ejection motor* 230 forces the RCV out of launch 
tube 131. Snubber 232 stops ejector case 240 
while permitting the RCV to continue in flight. Re- 
inforced fiber part 127 is pulled from slot 239 in the 
side of the RCV such that just after RCV 112 exits 
from launch tube 131, frangible fiber protector 228 
is removed and the fiber is pulled from bobbin 126. 

It will be apparent to those skilled in the art that 
various modifications and variations could be made 
in the fiber data-link apparatus of the present in- 
vention without departing from the scope or spirit 
of the invention. 



Claims 

1. Apparatus for providing a data-link between 
two moving bodies characterized by: 

a continuous strand of a data-carrying fiber; 
a pair of fiber bobbins, one carried by each of the 
two moving bodies, respective parts of said con- 
tinuous fiber strand being wound on each of . said, 
pair of bobbins, and an unwound part interconnec- 
ting said pair of bobbins; . , . 
, means for deploying said wound fiber strand parts. 
from each of said pairof bobbins during relative 
separation motion between t the two bodies; y " 
means operatively connected to the fiber strand 
portion remaining on the fiber bobbin carried by. 
one of the moving. bodies during,. deployment, for ; . 
transmitting data along said deployed fiber strand;'' 
and 

means operatively connected to the fiber strand 
portion remaining on the fiber bobbin carried by 
the other moving body during depioyment, for re- 
ceiving data transmitted along said deployed fiber 
strand. ; . 

2. The apparatus as in claim. 1 further char- 
acterized in that said wound fiber strand part on 
one of said bobbins is wound counter to the wind- 
ing direction of the wound strand part on the other 
of said bobbins, whereby said fiber strand parts are 
deployed in streaming relation from said bobbins 
with minimum strand twisting. 

3. The apparatus as in . claims 1 or 2 further 
characterized by data sensing means operatively 
connected to said data transmitting means and 
data processing means operatively connected to 
said data receiving means. 

4. The apparatus as in claim 1 further char- 
acterized by second data transmitting means oper- 
atively connected to the fiber strand portion re- 
maining on the fiber bobbin associated with said 
other moving body and second data receiving 
means operatively connected to the fiber strand 
portion remaining on the fiber bobbin associated 
with said one moving body, thereby affording two- 
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way communication between the two moving bod- 
ies. 

5. The apparatus as in claim 4 further char- 
acterized by data sensing means and moving body 
control means, both being operatively connected to 
the fiber strand portion remaining on the fiber bob- 
bin associated with said one moving body. 

6. The apparatus in as in any one of claims 1 
through 4 further characterized in that said fiber 
strand deploying means includes a pair of fiber 
tensioners, one associated with each of said fiber 
bobbins, operatively connected to control the ten- 
sion in the fiber strand being deployed. 

7. The apparatus as in claim 3 further char- 
acterized by data display means operatively con- 
nected to said data processing means. 

8. The apparatus as in claim 4 further char- 
acterized by data processing means and user data 
input means, both being operatively connected to 
the fiber strand portion remaining on the fiber bob- 
bin associated with said other moving body. 

9. The apparatus as in any one of the preced- 
ing claims further characterized in that said fiber 
strand is optical fiber. 

- 10- The apparatus as in claims 1 or 2 further 
" characterized jn that the first moving body is con- 
trol led _vii ; control data and/the second moving . 
body controls the first moving body in response tol 
sensed motion data: 

first and second data input/output means ^respec- 
tively carried by said first and second moving 
bodies and being operatively connected ito the re- 
spective optical fiber strand portions remaining on 
said first and second fiber bobbins during deploy- 
ment; 

the motion controlling , means for said first body 
being carried by said first body, and being oper- 
atively connected to said first input/output means, 
and being responsive to control data transmitted 
from said second body; 

means for sensing motion of said first moving body 
and generating sensed motion data, said motion 
sensing means being carried by said first body and 
being . operatively connected - to said first 
input/output means; and / 

controller means responsive to said sensed motion 
data for generating control data, said controller 
means being carried by said second moving body 
and being operatively connected to said second 
input/output means. 

11. The apparatus as in claim 10 further char- 
acterized in that said controller means includes a 
data bus operatively connected to each of the 
plurality of second input/output means. 

12. The apparatus as in claim 10 further char- 
acterized in that said controller means includes a 
data analysis and display means including a data 
processor. 



13. The apparatus as in claim 12 further char- 
acterized in that said controller means includes a 
display driver means and at least one audio/visual 
display unit operatively connected thereto, said dis- 

s play driver means being operatively connected to 
said data processor. 

14. The apparatus as in claim 12 further char- 
acterized in that said controller means includes 
user input preconditioning means operatively con- 

io nected to said data processor, and at least one 
user input device operatively connected to said 
preconditioning means. 

15. The apparatus as in claim 12 further char- 
acterized in that said data analysis and display 

is' means includes user-interactive display terminal, 
operatively connected to said data processor 
through display driver means and user input pre- 
conditioning means arranged in parallel circuit 
paths. 

20 16. The apparatus as in claim 12 further char- 

acterized in that said data processor is controlled 
by preprogrammed software. 

17. A method for providing data communication 
between two moving bodies, the . method being 
25 characterized by the steps of: 

providing a* continuous strand of data-carrying fiber 
respective parts of which are wound on each of two 
separate bobbins, one of the bobbins being carried 
by each of the two bodies, and an unwound part of 

•30 the fiber strand interconnecting the bobbins; 

deploying wound fiber simultaneously from each of 
the two bobbins during relative separating motion 
between the two' bodies, the fiber strand continuing' 
to interconnect the bobbins during sai<j deploying 

35 step; and 

communicating with the unwound portions of fiber 
strand remaining on each of the bobbins during 
deployment, said communicating step including the 
step of transmitting data to the unwound fiber 

40 strand portion on at least one of the bobbins and 
receiving the transmitted data from the unwound 
fiber strand portion on the other bobbin. 

18. The method as in claim 17 further char- 
acterized in that the deploying step includes the 

45 step of tensioning the fiber leaving each of the two 
bobbins. ' 

19. The method as in claims 17 or 18 further 
characterized in that said communicating step in- 
cludes the steps of transmitting and receiving data 

so to/from the unwound fiber strand portions on each 
of the two bobbins. 

20. The method as in any one of claims 17 
through 19 further characterized in that the fiber 
strand is an optical fiber strand, and wherein said 

55 transmitting and receiving steps include the steps 
of optically transmitting and receiving data. 

21. Apparatus for deploying optical fiber from a 
moving platform such as a helicopter, characterized 
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by: 

a housing carried by the platform and having a 
relief formed in a housing surface facing outwardly 1 
from the platform; 

a bobbin pre-wound with optical fiber, said bobbin s 
having a preferred deployment axis; and 
means for attaching said bobbin to said housing in 
said relief, said bobbin deployment axis extending 
outwardly from said relief and being movable along 
with each bobbin by said attaching means within a io 
predetermined conical section. 

22. The apparatus as in claim 21 further char- 
acterized in that said attaching means is a ball joint 
gimbal. 

23. The apparatus as in claims 21 or 22 further 75 
characterized in that said relief is contoured to 
provide fiber deployment at oblique angles with 
respect to the normal to said bobbin surface with- 
out snagging. 

24. The apparatus as in any one of claims 21 20 
through 23 wherein said housing is aerodynami- 
cally configured. 

25. The apparatus as in any one of claims 21 « 
through 24 further characterized in that said hous- 
ing has a plurality of said reliefs, a plurality of said 25 
attaching means, arid a' plurality of sand fiber wound 
bobbins, one of said bobbins being attached in 
each spf said reliefs by a respective one of said 
attaching means. 

26. The apparatus as in any one of claims 21 30. 
through 25; further characterized by a missile car- 
ried by the platform for launching therefrom, said 
fiber wound .'bobbin having a free fiber end oper- 
atively connected to said missile. 

27. The apparatus as in any one of claims 21 35 
through 26 : further characterized in that said fiber 
wound bobbin has a free fiber end, and wherein 

said housing has means for selectively locking said : 
free fiber end and releasing same at the time of 
deployment/ 40 ] 

28. The apparatus as in any one of claims 21 
through 27 further characterized by tensioning 
means for preventing fiber deployment except dur- 
ing actual platform movement- i 

f ,29. The apparatus as in any one of claims 21 45 , 
through 28 further characterized by bobbin ejector 
m^ans for ejecting said bobbin from said housing 
at the conclusion of fiber deployment. 

30. The apparatus as in claim 29 further char- 
acterized in that said bobbin ejector means is se- so 
lected from the group consisting of pyro-e!eclric 
devices and electro-mechanical solenoids. 

31. The apparatus as in claim 26 further char- 
acterized in that a missile pod attached to the 
platform and having a launch tube for carrying said 55 
missile, said pod having a groove formed in an 
exterior surface thereof for holding a length of said 
fiber between said free end and said bobbin, and 



said pod further including means for retaining said 
fiber length in said groove and releasing said fiber 
length upon platform movement from a missile 
launch position. 

32. The apparatus as in claim 31 further char- 
acterized in that said bobbin housing is attached to 
said missile pod. 
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